We update the analysis of the precision electroweak tests in terms of 4 epsilon parameters, ǫ 1,2,3,b , to obtain more accurate experimental values of them by taking into account the new LEP data released at the 28th ICHEP (1996, Poland). We also compute ǫ 1 and ǫ b in the context of the no-scale 
mass bound were to be pushed up only by a few GeV, the sign on the Higgs mixing term µ in the no-scale model could well be determined from the ǫ 1 − ǫ b constraint to be positive at the 95% C. L. At any rate, better accuracy in the measured m t from the Tevatron in the near future combined with the LEP data is most likely to provide a decisive test of the no-scale SU ( With the LEP measurements reaching the highest accuracy, it has become extremely important for one to perform the precision tests of the standard model (SM) and its extensions. As the top mass, which has long been one of the biggest unknown, is being measured much more accurately since its first measurement to be now m t = 175 ± 6 GeV from Fermi Laboratory in pp collisions [1] , the standard Higgs mass m H is the only unknown parameter in the SM. Therefore one can investigate the possibilities of revealing more about the SM and its extensions of interest. In the context of supersymmetry, the precision tests can be performed within the Minimal Supersymmetric Standard Model (MSSM) [2] [3] [4] . The problem with such calculations is that there are too many parameters in the MSSM and therefore it is not possible to obtain precise predictions for the observables of interest. In the context of supergravity models (SUGRA), on the other hand, any observable can be computed in terms of at most five parameters: the top-quark mass, the ratio of Higgs vacuum expectation values (tan β), and three universal soft-supersymmetry-breaking parameters (m 1/2 , m 0 , A). This implies much sharper predictions for the various quantities of interest, as well as numerous correlations among them. Of even more experimental interest is SU(5)×U(1) SUGRA where string-inspired ansätze for the soft-supersymmetry-breaking parameters allow the theory to be described in terms of only three parameters: m t , tan β, and mg. Precision electroweak tests in SU(5) × U(1) SUGRA have been performed in Ref. [5, 6] , using the description in terms of the ǫ 1,2,3,b parameters introduced in Ref. [4] . In this paper we update the analysis of the precision electroweak tests in terms of these epsilon parameters to obtain more accurate experimental values of ǫ 1,2,3,b by taking into account the new data presented at the 28th ICHEP (July, 1996, Poland) [9] and we improve the previous test [5] by using these values ), which has been measured directly at LEP unlike ǫ b being determined indirectly, has attracted a lot of attentions because the experimental value for R b had increased over the years, resulting in around 3σ deviation at last above the SM prediction. In fact, we reported this indication in an attempt to resolve the problem in the context of the SUGRA [5] and the top-condensate model [11] . However, this so-called "R In this work, we present the updated analysis of the precision electroweak tests in terms of ǫ 1,2,3,b by taking into account the latest LEP data and we explore the no-scale SU(5)×U (1) SUGRA in terms of ǫ 1 and ǫ b to assess the present status of these models being affected by the new LEP data and also by the new bound on the lightest chargino mass, m χ
The minimal SU(5) [12] and SU(5) × U(1) [13] SUGRA models both contain, at low energy, the SM gauge symmetry and the particle content of the MSSM. A few crucial differences between the two models are:
(ii) The gauge coupling unification occurs at ∼ 10 16 GeV in the minimal SU(5) model whereas in SU (5)×U (1) model it occurs at the string scale ∼ 10 18 GeV [14] . In SU (5)×U (1) SUGRA, the gauge unification is delayed because of the effects of an additional pair of 10,10
vector-like representations with intermediate-scale masses. The different heavy field content at the unification scale leads to different constraints from proton decay.
(iii) In the minimal SU(5) SUGRA, proton decay is highly constraining whereas it is not in
The procedure to restrict 5-dimensional parameter spaces is as follows [15] . First, upon sampling a specific choice of (m 1/2 , m 0 , A) at the unification scale and (m t , tan β) at the electroweak scale, the renormalization group equations (RGE) are run from the unification scale to the electroweak scale, where the radiative electroweak breaking condition is imposed by minimizing the effective 1-loop Higgs potential, which determines the Higgs mixing term µ up to its sign 1 . We also impose consistency constraints such as perturbative unification and the naturalness bound of mg < ∼ 1 TeV. Finally, all the known experimental bounds on the sparticle masses are imposed 2 . This prodedure yields the restricted parameter spaces for the two models.
Further reduction in the number of input parameters in SU(5) × U(1) SUGRA is made possible because in specific string-inspired scenarios for (m 1/2 , m 0 , A) at the unification scale these three parameters are computed in terms of just one of them [16] . One obtains m 0 = A = 0 in the no-scale scenario and m 0 =
1 We define µ as usual by
2 We use the following experimental lower bounds on the sparticle masses in GeV in the order of gluino, squarks, lighter stop, sleptons, and lighter chargino: mg > ∼ 150, mq > ∼ 100, mt
3 Note, however, that one loop correction changes this relation significantly [17] .
III. ONE-LOOP ELECTROWEAK RADIATIVE CORRECTIONS AND THE EPSILON PARAMETERS
There are several schemes to parametrize the electroweak vacuum polarization corrections [7, [18] [19] [20] . It can be shown, by expanding the vacuum polarization tensors to order q 2 , that one obtains three independent physical parameters. Alternatively, one can show that upon symmetry breaking three additional terms appear in the effective lagrangian [20] . In the (S, T, U) scheme [19] , the deviations of the model predictions from the SM predictions (with fixed SM values for m t , m H ) are considered as the effects from "new physics". This scheme is only valid to the lowest order in q 2 , and is therefore not applicable to a theory with light new particles comparable to M Z . In the ǫ-scheme [4, 8] , on the other hand, the model predictions are absolute and also valid up to higher orders in q 2 , and therefore this scheme is more applicable to the electroweak precision tests of the MSSM [3] and a class of supergravity models [6] .
There are two different ǫ-schemes. In the original scheme [8] , [6] . In this work we use this new ǫ-scheme.
With the recent LEP data in Table I reported by the LEP Electroweak Working Group [9] , we obtain the epsilon variables as follows:
The lepton universality is assumed for the values of Γ l and A As is well known, the SM contribution to ǫ 1 depends quadratically on m t but only log- M Z ), a Z-wavefunction renormalization threshold effect coming from Z-vacuum polarization diagram with the lighter chargino in the loop can introduce a substantial q 2 -dependence in the calculation [3] . This results in a weaker upper bound on m t than in the SM. The complete vacuum polarization contributions from the Higgs sector, the supersymmetric chargino-neutralino and sfermion sectors, and also the corresponding contributions in the SM have been included in our calculations [6] . However, the supersymmetric contributions to the non-oblique corrections except in ǫ b have been neglected.
Following Ref. [4] , ǫ b is defined from Γ b , the inclusive partial width for Z → bb, as
where
is the axial-vector coupling of Z to b (l). In the SM, the diagrams for ǫ b involve top quarks and W ± bosons [21] , and the contribution to ǫ b depends quadratically on
. In supersymmetric models there are additional diagrams involving Higgs bosons and supersymmetric particles. The charged Higgs contributions have been calculated in Refs. [22, 23] in the context of a non-supersymmetric two Higgs doublet model, and the contributions involving supersymmetric particles in Refs. [24, 25] . ) (the contribution (iii) has been neglected in our analysis).
IV. RESULTS AND DISCUSSION
In Fig. 1 we present the results of the calculation of ǫ 1 and ǫ b (as described above) for all the allowed points in the no-scale SU ( Table II .
V. CONCLUSIONS
We have updated the analysis of the precision electroweak tests in terms of 4 ǫ parameters, GeV for µ > 0(µ < 0), which are in fact much more stringent than in our previous analysis.
Therefore, assuming that m t > ∼ 170 GeV, if the lightest chargino mass bound were to be pushed up only by a few GeV, the sign on µ in the no-scale SUGRA could well be determined 
